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kidney diseaseAbstract Purpose: To detect the accuracy of fetal MRI in diagnosing urinary tract anomalies in
comparison with ultrasonographic ﬁndings and fetal outcome.
Methods: We examined 30 fetuses with sonographically suspected congenital urinary tract anom-
alies by 2D/3D ultrasound and MRI. The gestational age range was 18–36 weeks. 43% of the
women were in the second trimester. The diagnosis was conﬁrmed by postnatal ultrasound,
cystogram and biopsy in born babies and autopsy in still born or abortus fetuses.
Results: We found different urinary tract anomalies including: bilateral autosomal recessive poly-
cystic kidney disease (n= 8), unilateral autosomal recessive polycystic kidney disease (n= 1),
dilated collecting system (n= 8), renal agenesis (n= 3), bilateral enlarged multicystic dysplastic
kidneys (n= 5), unilateral enlarged multicystic dysplastic kidney (n= 4) and renal dysplasia
(n= 1). MRI changed the US diagnosis in 6 cases and added information in 4 cases. MRI changed
the patient’s management in 3 cases. MRI conﬁrmed US diagnosis in 20 fetuses. Ultrasound was
superior to MRI in one case of renal failure. Associated extrarenal anomalies were detected in 9
cases (30%). MRI showed 96% accuracy in diagnosis. Mortality rate reached 56%.
Conclusion: Fetal MR imaging may be used as a complementary modality to US in diagnosing
inconclusive or equivocal fetal urinary abnormality.
 2014 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier
B.V. All rights reserved.1. Introduction
Urinary tract malformations of the fetus are commonly
detected on obstetric sonography. Their incidence varies from
0.1% to 1% of all pregnancies. Uropathies correspond to
30–50% of all structural abnormalities found at birth (1–3).ed.
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is signiﬁcantly poorer in fetuses with bilateral lesions and
decreased volume of amniotic ﬂuid (4).
Ultrasonography (US) is the primary imaging modality for
the evaluation of the fetus. It is safe for both fetus and mother,
relatively inexpensive, allows real-time imaging, and is readily
available (5). However, some factors, including the patient’s
body habitus and oligohydramnios, can often prevent optimal
assessment of anomalies, making additional imaging tech-
niques potentially useful (6,7).
In the recent 25 years, advances in MRI technology have
allowed for expansion of the list of indications for fetal
imaging. Coupled with the growing access to MR scanners
throughout communities, fetal MRI evaluation is increasingly
available to more patients (8).
The research concerning fetal MRI is still limited, especially
those concerning the urinary system. This study was done to
detect the accuracy of fetal MRI in diagnosing urinary tract
anomalies in comparison with ultrasonographic ﬁndings and
fetal outcome.
2. Materials and methods
2.1. Patients
We prospectively examined 30 fetuses with sonographically
suspected urinary tract anomalies coming for antenatal care.
Inclusion criteria: presence of oligohydramnios or anhy-
dramnios that obscures proper visualization of the kidneys,
change in kidney size, dilated collecting system, nonvisualized
kidneys or urinary bladder, multisystem anomalies with
improper visualization or abnormal kidneys and maternal his-
tory of previous abortion or termination of pregnancy due to
congenital anomalies. Only cases that showed normal US
appearance of the kidneys with normal amniotic ﬂuid were
excluded from the study.
MRI was done within one week following US examination.
This study was approved by our local Ethics Committee.
Informed written consent was obtained from each woman.
2.2. Ultrasonography
Full 2D combined gray-scale and color Doppler studies and
3D pelvic ultrasound evaluation were done in all cases using
3.5–5 MHz 3D transducer (Voluson 730 ProV, GE Healthcare,
Milwaukee, WI, USA).
2.2.1. Image analysis
Ultrasonography was performed by three well experienced
sonographers in the ﬁeld of obstetric US. The following
parameters were assessed in each fetus:
 Calculation of gestational age, fetal number, position,
viability, and biophysical proﬁle.
 Amount of amniotic ﬂuid was calculated using four quadrant
amniotic ﬂuid index.
 Assessment of the kidneys and urinary bladder.
 Evaluating signal intensity of the lungs to diagnose pulmonary
hypoplasia.
 Presence of extraurinary anomalies.Color Doppler was done to search for renal arteries in
suspected renal agenesis.
Postnatal US was performed on the same machine by two
experts in the ﬁeld of pediatric radiology.
2.3. MRI protocol
All patients were imaged by a 1.5 T super conducting magnet
(Gyroscan Achieva Philips Medical Systems, Best, The
Netherlands) using the synergy body coil in supine position.
After a scout acquisition, a series of fetal images in the
axial, sagittal, and coronal planes were obtained with a fast
gradient-echo sequence, [balanced FFE] with TR/TE of
3.1/1.6, ﬂip angle 60 or single shot fast spin echo sequences
with TR/TE of 1000/80 and matrix of 128–256 · 256, slice
thickness of 5 mm and 30–35 cm FOV.
2.3.1. Image analysis
Images were analyzed by two radiologists experienced in the
ﬁeld of fetal MRI. Five areas were assessed in the fetuses
during image review: (1) The presence, size, and signal inten-
sity of the kidneys. (2) Detecting the presence and degree of
pelviureteric dilatation and the level of obstruction. (3) The
presence and fullness of the urinary bladder. (4) Amniotic
ﬂuid was qualitatively assessed as normal or diminished on
the basis of the ability to identify at least three large pockets
of ﬂuid with a depth greater than 2 cm. (5) Search for other
anomalies specially the CNS and abdominal.
Clinical and previous imaging results, including US ﬁnd-
ings, were available to the radiologists who interpreted the
MR studies. Image quality was rated as diagnostically satisfac-
tory or unsatisfactory.
Follow up was done for all cases. The diagnosis was con-
ﬁrmed by postnatal ultrasound, cystogram and/or laboratory
tests in viable babies and autopsy in still born or abortus
fetuses.
2.4. Statistical analysis
The clinical data were described in terms of range, mean, fre-
quencies (number of cases), and percentages when appropriate.
Accuracy was calculated to test validity of MRI compared
against ultrasonography. All statistical calculations were done
using the computer program SPSS (Statistical Package for the
Social Science: SPSS Inc., Chicago, IL, USA) version 16 for
Microsoft Windows.3. Results
Thirty singleton fetuses with sonographically suspected uri-
nary tract anomalies were included in this study. The maternal
age range was 19–35 years with 26 years mean age. The gesta-
tional age range was 18–36 weeks (mean age = 27 weeks).
Thirteen (43%) of the fetuses were in the second trimester,
while 57% were in their third trimester. Image quality was
diagnostically satisfactory in all patients.
Fourteen fetuses had oligohydramnios (52%) and three had
anhydramnios while the rest had normal amniotic ﬂuid volume
according to their gestational age.
Table 1 Showing different types of lesions included in the
study.
Disease No. of cases
Bilateral autosomal recessive polycystic
kidney disease
8
Unilateral autosomal recessive polycystic
kidney disease
1
Dilated collecting system 8
 Bilateral hydro-ureteronephrosis 4
 Unilateral hydro-ureteronephrosis 3
 Unilateral hydronephrosis 1
Renal agenesis 3
Bilateral multicystic dysplastic kidneys 5
Unilateral multicystic dysplastic kidney 4
Renal dysplasia 1
Total no of cases 30
Fig. 1b and c Coronal (b) fetal MRI shows ARPKD and
oligohydramnios in a case of MGS. Fetal MRI of the brain (c)
shows small head with a posterior encephalocele (arrow).
Fetal MRI in evaluating fetal urinary anomalies 523We found different urinary tract anomalies: bilateral auto-
somal recessive polycystic kidney disease (ARPKD) (n= 8),
unilateral ARPKD (n= 1), collecting system dilatation
(n= 8), renal agenesis (n= 3), bilateral enlarged multicystic
dysplastic kidneys (MCDK) (n= 5), unilateral enlarged
MCDK (n= 4) and renal dysplasia (n= 1) (Table 1).
ARPK showed enlarged echogenic appearance on US
(Fig. 1a), while MRI showed enlarged kidneys of high signal
intensity (Figs. 1b and 2).
Cases of dilated collecting systems showed four fetuses with
infravesical posterior urethral valve causing secondary dilata-
tion of both ureters and pelvicalyceal systems as well as dilatedFig. 1a 2D US showing enlarged echogenic kidneys (ARPKD)
and oligohydramnios in a 29 week fetus with Meckel–Gruber
syndrome.
Fig. 2 Sagittal FMRI of a 26 week fetus showing an enlarged
high signal kidney denoting autosomal recessive polycystic kidney
(star) with large posterior fossa connected to the 4th ventricle
denoting Dandy–Walker syndrome (long arrow) and a small
meningocele (small thick arrow).urinary bladder. Cases were conﬁrmed after delivery by both
ultrasound and cystogram. Additional ureteric reﬂux was
detected by postnatal cystogram in two cases.
Two cases showed unilateral dilated collecting system down
to the vesicoureteric junction while the last case showed dilated
pelvicalyceal system with an extrarenal markedly dilated renal
pelvis denoting hydronephrosis at the level of the pelviureteric
junction (Fig. 3).
In cases of MCDK; MRI showed enlarged kidneys
with high signal intensity and multiple variable sized
noncommunicating cysts. Ultrasound misdiagnosed three
cases (Figs. 4 and 5).
Fig. 3 Axial MRI image shows markedly dilated renal pelvis
(star) with no detected hydroureter suggestive of pelviureteric
junction obstruction. (The case was proved on postnatal follow up
US.)
Fig. 4 Sagittal FMRI of a 27 week fetus showing enlarged left
MCDK (arrows).
Fig. 5 Sagittal(a) and coronal (b) FMRI show bilateral MCDKs
(short arrows), anhydramnios and small cerebellum (long black
arrow) in a 26 week fetus diagnosing MGS. The low signal
intensity of the lungs denoting pulmonary hypoplasia is also
noted.
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and MRI on basis of absent renal tissue with oligo/
anhydramnios and nonvisualized urinary bladder. In addition
ultrasound showed absent renal artery on Doppler study.
3.1. MRI altered the diagnosis regarding the urinary system in
six cases (20%)
In the ﬁrst case where US showed suspected megacolon of the
fetus MRI detected marked right hydronephrosis with dilated
tortuous ureter and normal colon. In the second fetus MRI
changed the diagnosis from unilateral ARPKD into bilateral
ARPKD. In the third; ultrasound misdiagnosed one of the kid-
neys as renal agenesis due to a small kidney with absent renal
artery and associated anhydramnios and the other one ashydronephrosis; however MRI clearly depicted bilateral
MCDKs showing multiple small noncommunicating cysts in
addition to cerebellar hypoplasia diagnosing Meckel–Gruber
syndrome (MGS) (Fig. 5). In the fourth case where ultrasound
showed marked hydronephrosis and hydroureter, MRI
detected hydronephrosis with dilated extrarenal pelvis with
no evident ureteric dilatation changing the diagnosis from
hydro-ureteronephrosis to hydronephrosis (Fig. 3). In the ﬁfth
fetus MRI added the presence of left hydronephrosis into a
case of right hydroureter and hydronephrosis. Thus, altering
the diagnosis from right hydro-ureteronephrosis to bilateral
hydro-ureteronephrosis indicating an infravesical causes likely
the posterior urethral valve which was conﬁrmed postnatally
by cystogram.
The last fetus showed bilateral ARPKD with posterior
fossa cyst on ultrasound. MRI showed the presence of
DWM in the brain and bilateral small noncommunicating
cysts in the kidneys; diagnosing MGS with MCDKs (Table 2).
Although, MRI has changed the diagnosis in six cases, it
changed the fetal management in three cases. In the ﬁrst case
it changed the focus of the physician from the fetal gastrointes-
tinal system to the urinary system. In the second and third
cases, the MRI diagnosis caused termination of pregnancy in
both of them.
3.2. MRI showed additional extraurinary ﬁndings in four fetuses
[13%]
In three cases with MCDK and one case of ARPKD; MRI
showed the presence of associated CNS anomalies [DWM
and cerebellar hypoplasia] which altered the diagnosis to
MGS. Thus; MRI showed additional renal and extrarenal
Table 2 Showing the ultrasound and MRI ﬁndings as well as the ﬁnal diagnosis of cases.
Fetal GA
(weeks)
Ultrasound ﬁndings MRI ﬁndings Additional MRI
ﬁndings
Final diagnosis
38 Bilateral hydronephrosis, hydroureter
and distended urinary bladder





37 Left hydronephrosis and hydroureter
with oligohydramnios
Left hydronephrosis and hydroureter with
oligohydramnios
None Left unilateral hydro-
ureteronephrosis
18 Non visualized kidneys with
oligohydramnios Absent renal vessels
Non visualized kidneys with oligohydramnios None Bilateral renal agenesis
23 Bilateral MCDKs with
oligohydramnios
Bilateral MCDKs with oligohydramnios None Bilateral MCDKs
31 Right hydronephrosis with megacolon Right hydronephrosis and marked






23 Bilateral ARPKD with
oligohydramnios and occipital
cephalocele
Bilateral ARPKD, oligohydramnios and
occipital cephalocele
None MGS
23 Bilateral hydronephrosis, hydroureter
and distended urinary bladder









22 Bilateral ARPKD, oligohydramnios
and ventriculomegaly





30 Bilateral ARPKD with
oligohydramnios and absent cerebellum
Bilateral ARPKD, oligohydramnios, absent
cerebellum and small cephalocele
Small cephalocele MGS
21 Unilateral MCDK Unilateral MCDK None Unilateral MCDK
22 Unilateral MCDK Unilateral MCDK None Unilateral MCDK
30 Bilateral MCDKs, oligohydramnios
and dandy walker malformation
Bilateral MCDKs, oligohydramnios and
dandy walker malformation
None MGS
22 Non visualized kidneys with
oligohydramnios Absent renal vessels
Non visualized kidneys with oligohydramnios None Bilateral renal agenesis
24 Unilateral ARPKD with
oligohydramnios
Bilateral ARPKD with oligohydramnios Right ARPKD Bilateral ARPKD
18 Small echogenic kidneys, empty urinary
bladder with anhydramnios
anhydramnios with non visualized kidney and
urinary bladder
None Renal dysplasia
31 Bilateral ARPKD with
oligohydramnios
Bilateral ARPKD with oligohydramnios None Bilateral ARPKD
29 Bilateral ARPKD with
oligohydramnios, polydactyly and
occipital cephalocele
Bilateral ARPKD, oligohydramnios and
occipital cephalocele
None MGS
20 Non visualized kidneys, anhydramnios,
absent renal vessels
Non visualized kidneys with anhydramnios None Bilateral renal agenesis
24 Unilateral left hydronephrosis,
hydroureter and distended urinary
bladder






28 Unilateral ARPKD Unilateral ARPKD None Unilateral ARPKD
30 Left hydronephrosis and hydroureter Left hydronephrosis with dilated extrarenal







31 Bilateral ARPKD and oligohydramnios Bilateral ARPKD and oligohydramnios None Bilateral ARPKD
26 Non-visualized right kidney with left
hydronephrosis, anhydramnios and
ventriculomegaly





27 Unilateral MCDK Unilateral MCDK None Unilateral MCDK
29 Right hydronephrosis and hydroureter Right hydronephrosis and hydroureter None Unilateral right hydro-
ureteronephrosis
22 Bilateral hydronephrosis, hydroureter
and distended urinary bladder





32 Bilateral MCDKs and oligohydramnios Bilateral MCDKs and oligohydramnios None Bilateral MCDKs
34 Bilateral ARPKD with posterior fossa
cyst and oligohydramnios






20 Unilateral MCDK Unilateral MCDK None Unilateral MCDK
MCDK=multicystic dysplastic kidney, MGS=Meckel–Gruber syndrome, ARPKD= autosomal recessive polycystic kidney disease,
PUV= posterior urethral valve.
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Table 3 Showing the method of conﬁrmation and fetal outcome of the cases.
Fetal GA (weeks) Final diagnosis Method of conﬁrmation Fetal outcome
38 Bilateral hydro-ureteronephrosis US and cystogram Viable
37 Left Hydro-ureteronephrosis US Viable
18 Bilateral renal agenesis Autopsy TOP
23 Autosomal recessive polycystic kidney disease Autopsy TOP
31 Right hydro-ureteronephrosis US Viable
23 Meckel–Gruber syndrome Autopsy TOP
23 Bilateral hydro-ureteronephrosis US and cystogram Viable
21 Meckel–Gruber syndrome Autopsy TOP
22 Meckel–Gruber syndrome Autopsy TOP
30 Meckel–Gruber syndrome Autopsy TOP
21 Unilateral multicystic dysplastic kidney US and biopsy Viable
22 Unilateral multicystic dysplastic kidney US and biopsy Viable
30 Meckel–Gruber syndrome Autopsy TOP
22 Bilateral renal agenesis US Died after 3 days
24 Autosomal recessive polycystic kidney disease US and biopsy Died after 8 months
18 Renal dysplasia US and biopsy Died after 2 months
31 Autosomal recessive polycystic kidney disease Autopsy Still birth
29 Meckel–Gruber syndrome Autopsy TOP
20 Bilateral renal agenesis Autopsy TOP
24 Bilateral hydro-ureteronephrosis US and cystogram Viable
28 Unilateral autosomal recessive polycystic kidney disease US and biopsy Viable
30 Unilateral hydronephrosis US Viable
31 Autosomal recessive polycystic kidney disease US Died after 8 days
26 Meckel–Gruber syndrome Autopsy TOP
27 Unilateral multicystic dysplastic kidney US and biopsy Viable
29 Unilateral right hydro-ureteronephrosis US Viable
22 Bilateral hydro-ureteronephrosis US and cystogram Viable
32 Bilateral multicystic dysplastic kidneys Autopsy Still birth
34 Meckel–Gruber syndrome Autopsy TOP
20 Unilateral multicystic dysplastic kidney US and biopsy Viable
TOP= termination of pregnancy, US = ultrasound.
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(The last case showed both renal and extrarenal ﬁndings).
MRI conﬁrmed the ﬁndings of ultrasonography in 20 cases
(66%) especially in one case of inconclusive renal agenesis with
anhydramnios in a 20 week gestational fetus.
Ultrasound was superior to MRI in one case of bilateral
small echogenic kidneys in an 18 week fetus with anhydramn-
ios and empty bladder while MRI was not able to detect the
kidneys in this fetus. The infant died 2 months after delivery
suffering from renal failure due to renal dysplasia as proved
by biopsy.
Associated extrarenal anomalies were detected in nine cases
(30%) showing central nervous system anomalies including;
occipital cephaloceles (n= 3), DWM (n= 3) and hypoplastic
or the absent cerebellum (n= 3). Furthermore, two cases of
MGS showed polydactyly on ultrasound (Table 2).
Conﬁrmation of the MRI diagnosis was done by postnatal
US, cystogram and biopsy in viable fetuses and autopsy in
lethal conditions (Table 3). Twenty-seven fetuses showed
agreeable postnatal results to the MRI diagnosis. In two cases
diagnosed as MCDKs the biopsy showed medullary cystic dys-
plasia of the kidneys. Although this ﬁnding had no effect on
the fetal outcome (both fetuses had MGS and undergone ter-
mination of pregnancy as requested by the parents), however
it enhanced genetic counseling of the family. In the case of
bilateral small echogenic kidneys, postnatal US conﬁrmed
the diagnosis.In the four cases of bilateral hydro-ureteronephrosis, US
conﬁrmed the presence of bilateral hydro-ureteronephrosis
while cystogram added the presence of bilateral reﬂux in two
of them.
Concerning the fetal outcome, 13 viable fetuses were born.
Eleven had undergone termination of pregnancy, two were still
born and four fetuses died after delivery within 3 days up to
8 months (Table 3). The cause of death was attributed to the
pulmonary hypoplasia and oligo/anhydramnios which is usu-
ally an important association to such lethal anomalies. Mortal-
ity rate in our study reached 56%.
Fifty% of our cases showed positive consanguinity, mainly
in cases of MGS and ARPKDs.
4. Discussion
Ultrasonography is accepted as the primary imaging modality
for fetal assessment because of proven utility, relatively low
cost, and widespread availability. On occasion, US ﬁndings
are inconclusive so, complementary imaging techniques are
desirable (6,9). Genitourinary anomalies constitute 14%–
40% of anomalies detected during prenatal sonography (10).
Congenital renal anomalies are often associated with oligo-
hydramnios or anhydramnios (63% of cases in our study),
which can make sonographic evaluation difﬁcult, whereas
fetal MRI is not signiﬁcantly affected by diminished amniotic
ﬂuid (11).
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sequences, thus enables proper detection of the presence and
extent of hydronephrosis and ureteronephrosis in cases of
dilated collecting systems. MRI corrected the ultrasound in
three cases. In one case it changed the diagnosis completely
from megacolon to unilateral hydroureter in addition to
hydronephrosis hence, altering the management of the fetus.
And in the other two it detected bilaterality of the hydro-
ureteronephrosis in one case and the extent of dilatation in
the second changing it from hydro-ureteronephrosis into
hydronephrosis with the extra renal pelvis and normal ureter
suggestive of an obstruction at the pelviureteric junction.
MRI could clearly visualize the ureters through their whole
course; therefore it can detect the level and etiology of obstruc-
tion. Postnatal ultrasound and cystogram conﬁrmed the diag-
nosis and added ureteric reﬂux in two cases of posterior
urethral valve which could not be detected prenatally.
Previous investigators have reported MRI to be a useful
adjunct to sonography for the diagnosis of renal agenesis
(4,12,13). However, MRI had no signiﬁcant advantage over
ultrasound in cases of renal agenesis reported in our study.
This may be attributed to the presence of oligo/anhydramnios
and the use of Doppler to detect the renal arteries. Neverthe-
less, MRI conﬁrmed the diagnosis especially in the third case
which was inconclusive by US due to the presence of
anhydramnios.
Ultrasound was superior to MRI in diagnosing a case of
bilateral small echogenic kidneys likely due to the combination
of small gestational age and anhydramnios.
MGS is a lethal, rare autosomal recessive condition. The
triad of occipital encephalocele, large polycystic kidneys and
postaxial polydactyly characterizes MGS (14). We presented
8 cases of MGS, this high incidence (26.6%) is likely attributed
to the prevalence of positive consanguinity in our community
which may increase autosomal recessive diseases.
Although MCDK is usually a unilateral condition, we
presented ﬁve cases of bilateral MCDKs. Similar ﬁndings were
reported by Hawkins et al. (15). Also, three out of our ﬁve
cases were part of MGS which may explain the bilaterality
of the lesions.
We found that MRI is superior to prenatal ultrasound in
detecting the bilateralism and the severity of the renal diseases
as previously reported (11).
In the present study, MRI provided additional information
in 30% of cases thus, our results were higher than those
reported by Gupta et al. (16), who reported that additional
information was provided by MRI in 25.9% of cases and
comparable to Cassart (4) who reported 31% additional
ﬁndings by MRI. However, he studied a smaller number of
cases (16 fetuses) with bigger gestational age.
Although MRI changed the patient’s management in only
three cases; it has an important impact on fetal outcome by
enhancing the decision of TOP, sending parents for genetic
counseling or deciding postnatal management.
MRI is not only important to conﬁrm or diagnose urinary
tract anomalies, but due to its high ﬁeld of view which enables
the visualization of the whole fetus in a single cut associated
anomalies could also be easily detected.
The MRI diagnosis was proved in 27 cases and although, in
the last two cases the histological ﬁndings were different; the
overall diagnosis of MGS was correct. This gives MRI an
accuracy of 96%.We found a high mortality rate of 56% and associated extra
renal anomalies in 30% of fetuses. This incidence is higher
than those reported by Cusick et al. (17) who stated that pre-
natal detection of fetal uropathy is associated with 20%–50%
mortality and found associated anomalies in 3%–26% of
fetuses. That is probably due to the high incidence of positive
consanguinity in our community, also because we have the
biggest fetal imaging unit in our country.
Limitation of our study was that US results were available
at the time of MR image interpretation, introducing bias in
favor of MR imaging.
Also the limited number of fetuses studied (n= 30) which
is due to limited awareness of fetal MR imaging, ﬁnancial
constraints and the currently limited potential for fetal inter-
vention in our country.
5. Conclusion
Our study showed that fetal MRI has the ability to diagnose
urinary tract anomalies and associated extrarenal fetal anom-
alies with high accuracy, hence it can be used as a complemen-
tary method to ultrasonography specially in inconclusive cases
and moreover in cases with a decision of termination of
pregnancy on ultrasound basis.Declaration of conﬂicting interests
None declared.
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